Purpose-bred minipigs, are often used as the non-rodent species in toxicology. Infections may interfere with animal experiments, and there are no scientific reasons why the non-rodent species should be of a lower microbiological quality than the rodent species. Therefore, a system for health monitoring of pigs was developed in order to raise the quality of laboratory pigs to the level of laboratory rodents. This system, which includes screening for several viruses, bacteria and ecto-and endoparasites, was used for monitoring mini pigs from a barrier unit with the same standards applied to rodents units. In these pigs only rotaviruses are found, which was shown by both serological antibody detection and by detection of rotaviral antigen in faeces. In minipigs from another unit with far less hygienic protection rotaviruses were also found along with certain influenza-and coronaviruses, as well as Pasteurella spp. It is concluded, that it is possible to raise pigs of a microbiological quality comparable to the quality of rats and mice, and that advanced microbiological monitoring in pigs will reveal useful information.
toxicology (Farrell et a1. 1993) , and there are no scientific reasons that the non-rodent species should be of a lower quality than the rodent species. Also, a high state of microbiological definition is necessary if transgenic pigs are to be used as donors for human organ transplantation in the future.
Several agents with a research interference potential are common in Danish pig herds and may occasionally be found even in specific pathogen free (SPFIpigs (National Veterinary Laboratory & State Institute for Virus Research 1995) . A set of guidelines for advanced health monitoring in pigs for experiments has been published by the Scandinavian Federation for Laboratory Animal Science (ScandLAS) (Hem et a1. 1994 ). An equivalent set of guidelines is to be published by the Federation of European Laboratory Animal Science Associations (FELASA).Such monitoring was practised through a period of three years in a colony Laboratory Animals (1997) 31, 193-200 of Caesarean-originated minipigs kept in barrier facilities equivalent to the normal standards of rodents, as well as in a colony of pigs derived from this barrier-protected colony, but kept under the SPF conditions defined for farm pigs by the Danish Meathouse Organization (Danske Slagterier 1987) .
Materials and methods
Animals, housing and feeding Colony 1. A colony of G6ttingen minipigs IEllegaard G6ttingen Minipigs, Dalmose, Denmark) were rederived by Caesarean section and kept in a barrier unit as previously described (Ellegaard & Hansen 1994) . The unit was equipped with a 3-room staff shower and a glutaraldehyde lock for the introduction of materials and a ventilation system with a 99.99% absolute micro filter and an air change capacity of 7-20 times per hour. Temperature was 18-24°C and relative humidity was 60-70%. The animals were restrictedly fed a commercial minipig diet (SDS, Essex, UK) and UV-light decontaminated water. The colony is currently being genetically monitored as previously described (Ellegaard & Hansen 19941. Colony 2. Weaned animals from colony 1 were kept in a conventionally built and . ventilated pig stable fulfilling the staff entry and quarantine demands set up by the Danish Meathouse Organization (Danske Slagterier 1987), i.e. 48 h of quarantine from contact with other pig herds and the wearing of a protective dress when inside the unit. These animals were also restrictedly fed SDS minipig diet (SDS, Essex, UKI and untreated tap water.
Sampling
Six times with an interval of approximately 6 months, samples were taken for bacteriological and parasitological examination from 10 live animals from colony I, i.e. 60 animals in all. All animals were below the age of 3 months. A sterile swab was introduced into the nasal cavity and hereafter kept in Stuart's Hansen, Farlov & Bollen transport medium IStatens Seruminstitut, Copenhagen S, Denmark). A faecal sample was divided into two pieces, one kept in a sterile tube for bacteriological examination, and one kept in a Fecalyzer® (Kruuse, Marslev, Denmark) for parasitological examination. With a sterile scalpel a piece of skin was taken and placed in a sterile tube. From truncus jugularis of 10 randomly sampled breeding animals, blood was collected into Venoject® tubes with no additives ITerumo Europe, Leuven, Belgium). The samples were kept in a cold box and transferred by car to the microbiological laboratory within a few hours. Five animals from colony 2 were sampled in the same way as animals from colony 1. However, blood samples were taken from those animals also sampled for bacteriology.
Laboratory procedures
The examination of specimens included searching for all agents, listed in the Scand-LAS guidelines (Hem et al. 1994) , as well as some non-listed agents commonly found in Danish pig herds (Tables 1 and 3) . Serpulina hyodysenteria is not mandatory in the ScandLAS guidelines, but it is listed in the Danish SPF guidelines (Danske Slagterier 1987). However, it is monitored only on the basis of clinical symptoms. Due to the lack of secure methods for diagnosis in healthy, live animals this infection was not searched for in this investigation .
Serological examination.
The majority of the serological examinations listed in Table 1 were made at two government laboratories, the National Veterinary Laboratory (Copenhagen V, Denmark) and the State Veterinary Institute for Virus Research (Kalvehave, Denmarkl. Serological examination for rotaviruses and Toxoplasma gondii were made by IFA IRotavirus and T. gondii) and ELISA (Rotavirusl in our own laboratory. IFAantigen for rotavirus (SA-Ill was purchased from Harlan UK, Bicester, UK, T. gondii antigen was purchased from Testman (Uppsala, Sweden). Sera for these two tests were diluted 1:40, with phosphate-buffered saline (PBS)before test and IFA was performed as previously described (Hansen et al. 1992) . 
ELISA-antigen for rotavirus was purchased from Charles River Wiga, Sulzfeld, Germany, and the sera for rotavirus-ELISA were diluted 1:100 and tested as previously described (Hansen & Skovgaard-Jensen 1995) .
RotaviIus antigen detection in faeces.
Faecal latex agglutination tests were made on faeces by the use of the Slidex Rota kit (BioMerieux, Meyrin-Geneve, France).
Bacteriological examination.
Nose, faeces and skin samples were inoculated and incubated according to Table 2 . After incubation pure cultures were made from all morphologically distinct bacteria, whereafter screening and identifications were made according to Table 3 .
Parasitological examination.
The Fecaly-zers® (Krouse, DK-5290 Marslev) were filled with saturated saline and a cover glass was placed on the top. After exactly 20 min the cover glasses were removed, placed on an object glass and examined by microscope to look for helminth eggs or coccidial oocysts. The skin piece was immersed directly in immersion oil and micros coped for the presence of Sarcoptes scabiei.
Results
All results of serological examinations are given in Table 1 . Rotavirus was the only agent found in colony 1. In the period of examination no. 4 female breeding pigs were having fever, while diarrhoea was observed among the weanlings. In two of the faecal samples from examination no. 4 rotaviruses were shown by the latex agglutination test. Retrospectively, all sera of examination nos 2, 3, and 4 were examined for rotaviral antibodies by IFA and ELISA(no more serum was left from examination no. 1). In examination no. 2 and no. 3 antibodies were found in one and five samples, respectively. In examination no. 4 no sera with rotavirus antibodies were discovered. In the following examination (no. 5) no animals were found to be shedding rotavirus in the faeces, but seven animals had antibodies to the rotavirus. At that time the clinical symptoms in the colony were no longer present. Rot.lviral antibodies were also found in colony 2. Furthermore, antibodies against coronavirus and influenza virus, type HINI were found in colony 2. Diarrhoea, which normally showed up in the week after moving the animals from colony I, might have been caused by the presence of coronavirus in colony 2. The results of bacteriological, fungal and parasitological examinations are given in Table 4 . None of the agents were found in colony I, while the examinations in colony 2 revealed the presence of the porcine taxon 15 Pasteurellaceae bacteria, which belongs to the P. haemolytica complex IBisgaard 1984).
No mites were found at microscopy of the skin.
Discussion
All three viruses found may cause pathological and clinical changes in pigs ITestinet al. Hansen, Farlov & Bollen 1987 , Brown et al. 1992 , Chang et al. 1993 . Also, all three viruses belong to families known to possess immunosuppressive abilities in other species of animals (Notkins et al. 1970 , Mims 1986 , Kapil et al. 1994 . Therefore, these viruses may interfere with research.
Rotaviruses may be found in 76.9% of Danish pig herds (Svensmark 1984) and these results show that not even the higher standard of protection used for the mini pigs in colony 1 could prevent this infection. It is interesting that the presence of viral antigen in the faeces was found only in that examination, in which the serum antibodies were absent, and that the presence of antigen was connected with clinical symptoms. The absence of antibodies in the breeding females in this period probably lead to a failing protection of the piglets by maternal antibodies, and therefore they shed virus and Actinobacillus pleura-0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 pneumoniae Bordetella bronchiseptica 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Campy/obacter spp. 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Clostridium perfringens 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Erysipelothrix rhusiopathiae 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Eubacterium suis 0/10 0110 0/10 0/10 0/10 0/10 0/60 0/5 Helicobacter spp. 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Haemophilus parasuis 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Listeria monocytogenes 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Microsporum spp.
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NT 0/10 0/10 0/10 0/10 0/10 0/50 0/5 Yersinia enterocolitica 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Helminths 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Eimeria spp. 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 Isospora spp. 0/10 0/10 0/10 0/10 0/10 0/10 0/60 0/5 0/10:0 positives out of 10 samples tested; NT:Not tested developed diarrhoea. How these viruses entered the barrier unit is not known. However, as they are quite stable it is most obvious to believe that they have been carried passively with the staff through the shower. In a pork-producing-and-eating country as Denmark it is close to impossible to prevent staff from having any kind of contact with porcine products. Several of those infections searched for but not found are common in Danish pig herds. The State Veterinary Institute for Virus Research and the National Veterinary Laboratory in Denmark during routine health monitoring in 1995 found that in the majority of samples from Danish pig herds antibodies were found against parvo-and influenzavirus, as well as Haemophilus parasuis. Furthermore, antibodies to coronavirus, haemagglutinating encephalomyelitis virus, porcine reproductive and respiratory disease virus, all serotypes of Actinobacillus pleuropneumoniae, with the exception of type 7 and 8, Mycoplasma hyopneumoniae virus were found. In bacteriological, fungal and parasitological examination A. pleurapneumoniae, Bordetella bronchiseptica, Clostridium perfringens, Eubacterium suis, H. parasuis, Pasteurella multocida, Salmonellae, Staphylococcus hyicus, Streptococcus suis, as well as helminth eggs and coccidiae were found (National Veterinary Laboratory & State Institute for Virus Research 19951. When examining mini pigs transferred from colony 1 into conventional experimental facilities, we have isolated E. rhusiopathiae, S. hyicus and f3-haemo1yticstreptoccoci connected with clinical disease. Furthermore, we have isolated Eimeria spp. and Ascaris suum without connection with clinical disease (unpublished observations). So, barrier production seems to raise the microbiological quality of pigs. However, to receive full credit from the raised quality of such pigs, barrier-protection is probably also necessary in the experimental facilities.
Although colony 1 cannot be stated as virus free, there is a difference when compared to colony 2 and other Danish pig herds. Our results show that it is possible to raise pigs of microbiological quality comparable to the quality of rats and mice, and that 199 advanced microbiological monitoring in pigs will reveal useful information.
